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© Thermally conductive gel materials. 


© This invention provides new heat transfer materi- 
als comprising gels and particulate fillers and having 
a composite heat transfer coefficient greater than 2 
watts/m-* K and preferably greater than 15. The ma- 
terials are easily conformable to irregularly shaped 
surfaces and have low TO-3 thermal impedance 
values, e.g., less than 0.5 at 300 psi mounting pres- 
sure. 
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Thermally Conductive Gel Materials 


This invention relates to thermally conductive 
compositions, materials and articles and methods 
of use thereof. 

Various compositions have been used to aid in 
the conduction of heat from one surface to another 
surface. For example, in electrical devices it is 
important to conduct heat from circuit boards and 
components to a metal plate or cooling device 
which can then remove the heat from the electrical 
device. Elastomeric compositions have been used 
which contain various additives and fillers which 
increase the thermal conductivity of the elastomers. 
Such elastomers are illustrated in U.S. patent 
4,604,424 to Cole et al. Thermally conductive 
elastomers which typically have a Shore A duro- 
meter hardness in the range of about 50 are rela- 
tively hard and lack the sufficient conformability to 
easily conform to irregular shaped substrates, such 
as printed circuit boards containing transistors, re- 
sistors, diodes and other electrical components 
thereon. Such conductive elastomers require high 
pressure compression, typically in the range of 300 
psi to 500 psi, to assure the desired contact with 
the substrate from which or to which heat is being 
conducted. Therefore, such elastomers are typi- 
cally not suited for direct contact with electronic 
components for aiding in the removal of heat. 

Various grease materials and pastes have been 
prepared using similar thermally conductive fillers. 
However, such greases and pastes have the dis- 
advantages of migrating into unwanted areas over 
time, particularly at elevated temperatures, thus 
contaminating other areas of the device and caus- 
ing a loss of the desired thermal conductivity, and 
of being very difficult to handle when reentering the 
electrical device for repair or replacement. This is 
due to the fact that the grease or paste is difficult 
to clean from the surfaces on which it has been 
placed. 

In some instances the thermal conductivity of 
thermally conductive elastomers have been en- 
hanced by using a thermally conductive grease to 
aid in the surface contact of the elastomer with the 
substrate. Other interface materials have been used 
as well. As with using a grease the disadvantage of 
such interface materials is that it is difficult to clean 
such materials from the substrate such as an elec- 
tronic device when reentry and removal of the 
conductive elastomer is necessary for repair or 
replacement. 

We have discovered a new composition, based 
on a gel, which can be used inter alia to aid heat 
transfer in electrical and other devices. 

A first aspect of the invention provides a cured 
composition comprising: 


(a) a gel material having a cone penetration 
value of about 50 to about 350 (10 1 mm) and an 
ultimate elongation of at least about 50%; and 

(b) dispersed in said gel material a par- 
5 ticulate filler having a thermal conductivity of at 

least about 10 watts/m-*K; wherein the filler is 
present in an amount between 5% and about 70% 
by weight of the composition. 

A second aspect of the invention provides an 
10 article comprising a flexible matrix impregnated 
with a cured composition according to the first 
aspect of the invention. 

A third aspect of the invention provides a meth- 
od of aiding in heat transfer in electrical and other 
75 devices comprising: 

(a) placing on a first substrate from which or 
to which heat is to be conducted a layer of a cured 
composition according to the first aspect of the 
invention; 

20 (b) applying to the exposed surface of said 

composition a second substrate from which or to 
which heat is to be transferred; and 

(c) applying a desired pressure to the com- 
position between the two substrates to obtain the 
25 desired heat transfer. 

A fourth aspect this invention provides a meth- 
od of aiding in heat transfer in electrical and other 
devices comprising: 

(a) placing on a first substrate from which or 
30 to which heat is to be conducted an article com- 
prising a flexible matrix impregnated with a cured 
composition according to the first aspect of the 
invention; 

(b) applying to the exposed surface of said 
35 article a second substrate from which or to which 

heat is to be transferred; and 

(c) applying a desired pressure to the article 
between the two substrates to obtain the desired 
heat transfer. 

40 The compositions and articles of the present 

invention comprise (a) a gel material having a cone 
penetration of about 50 to 350 (10 ! mm) as mea- 
sured by ASTM D217 and an ultimate elongation of 
at least 50% as measured by ASTM D412 and <b) 

45 a particulate filler material present up to about 70% 
by weight wherein the particulate material has a 
thermal conductivity, typically at least greater than 
10 watts/m-*K. The compositions preferably have 
a low TO-3 thermal impedance value e.g. less than 

so 1.1 *C-in 2 /watt at a 300 p.s.i. mounting pressure. 
The compositions preferably have a composite 
heat transfer coefficient greater than 2 watts/m- # C, 
especially preferably greater than 15 watts/m-*C. 
The gel material useful in the present invention 
may be any composition or material having the 
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cone penetration and ultimate elongation physical 
properties specified above. Such materials materi- 
als may be polyurethanes, silicones, polyolefinic 
block copolymers and other compositions which 
provide the above cone penetration and elongation 
properties necessary for the gel material to have 
high conformability under low compression forces 
to provide the good surface contact and sealing to 
the surfaces between which the thermally conduc- 
tive materials of this invention is placed or com- 
pressed. Such gel materials have been used to 
protect substrates from corrosion and to provide 
electrical insulation on certain electrical terminals 
and connectors to prevent electrical malfunction 
upon exposure to moisture. For example, such gel 
materials have been used in terminal lug protection 
caps for the telecommunication industries as 
shown in U.S. Patents No. 4,600,261 [MP0838- 
US1] and 4,634,207 [MP0838-US2]; in crimp con- 
nectors as shown in U.S. Serial No. 038,415 filed 
April 9, 1987 [MP0838-US6]; in covers for metal 
articles as shown in U.S. Patent No. 4,690,831 
[MP0871-US5]; in thermoformed articles as shown 
in U.S. Patent No. 4,643,924 [MP0871-US4], in 
splice case end seals as shown in U.S. Patent No. 
4,701.574 [MP1027-US2], in tape forms as shown 
in U.S. Serial No. 054,138 filed May 12, 1987 
[MP0871-US7], Serial No. 901,971 [MP1043-US2] 
filed September 24, 1986, Patent No. 4,595,635 
[MP1054-US1], and Patent No. 4,680,233 
[MP1027-US1], and in tape forms having a protec- 
tive backing as shown in European Patent Applica- 
tion No. 87304409.3 (Our MP1128 EPC) filed May 
18th, 1987. Examples of such gel compositions and 
materials are shown in the above patents and ap- 
plications and in European Patent Application No. 
86303348.6 (our MP1058 EPC) filed 1st May, 1986, 
European Patent Application No. 86309140.1 (our 
MP1102 EPC) filed 21st November 1986, and Eu- 
ropean Patent Application No. 87904547.4 (our 
RK308 EPC) filed 17th July 1987. Such gel com- 
positions and materials have been used as shield- 
ing and sealing gaskets as illustrated in European 
Patent Application No. 88300197.6 (our MP1172 
EPC) filed 12th January 1988. 

The gels useful in the present invention in 
general have a cone penetration value from about 
50 to about 350 (lO^mm). In many uses it is 
preferred that the gel have a cone penetration 
between about 100 and 300 and in some applica- 
tions it is preferred that the cone penetration be 
between about 150 and about 250. The gels are 
preferably used in relatively thin layers, such as at 
least 0.002 in., preferably at least 0.005 in. and can 
be typically in the range of 0.010 in, to 0.050 in.. 
An appropriate covering layer may provide superior 
surface contact and conformability when the cone 
penetration is between about 150 and about 250. 


The ultimate elongation of the gel material should 
be at least 50% in order to provide good confor- 
mability with the surface of the substrate without 
tearing or breaking. Higher values are generally 

5 preferred in order to provide better sealing of the 
gel material to the surface of the substrate. It is 
generally preferred that the gel material have an 
elongation of at least 100% and in many applica- 
tions an elongation of at least 200% is desired. In 

w some applications it is preferred that the gel ma- 
terial have an elongation of about 250% to about 
350%. 

The particulate filler material useful in the 
present invention can be any particulate type ma- 
75 teriai which is compatible with the gel materials 
which have the cone penetration and elongation 
values specified above. Preferably, when combined 
with said gel material, they provide a composition 
having a TO-3 thermal impedance of less than 
20 about 1 .1 * C-in 2 /watt at a mounting pressure of 300 
psi. It is preferred that the composition have such 
thermal impedance value at 300 psi less than about 
1 .0, more preferred less than about 0.9 and particu- 
larly preferred less than about 0.8. It is also particu- 
25 larly preferred that the composition have a TO-3 
thermal impedance of less than about 1.5 C- 
in 2 /watt at zero psi mounting pressure and more 
particularly preferred having such thermal imped- 
ance less than about 1.3 and most particularly 
30 having such thermal impedance at less than about 
1 .1 and in some applications less than about 1 .0. 

The particulate filler material can be of any 
physical shape and form desired to provide the 
above thermal impedance values of the gel-par- 
35 ticulate filler composition. For example the par- 
ticulate fillers may be powders of varying particle 
sizes and the particles may be of any desired 
shape such as round, irregular, flake or platelet 
type particles, cubic, hexagonal or other shaped 
40 depending on the processing used to prepare the 
particulate filler and in some cases depending 
upon the crystal structure of the particulate filler 
used. In some cases it may be desired to use a 
particulate filler which is in the form of short fibers 
45 such as chopped fibers or in the form of short 
needles or whiskers provided that the length and 
stiffness thereof do not interfere with the confor- 
mability of the composition to the shape of the 
surface on which the composition is intended to be 
so used for aiding in heat transfer. The particulate 
materials useful in the gel compositions of this 
invention can also be preformed into matrix forms 
such as woven, nonwoven, mat. sheet or other form 
provided that the preformed particulate material is 
55 porous enough for sufficient impregnation by the 
liquid gel material before it Is cured and provided 
that the preformed particulate material is sufficient- 
ly flexible to conform as desired as part of the gel 
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composition of this invention. 

The particulate filler materials useful in the 
present invention may be conventional thermally 
conductive fillers which, when combined with the 
gel materials as described above, provide a com- 
position having the properties set forth above. Par- 
ticularly preferred are those conductive materials 
which have a thermal conductivity greater than 
about 100 watts/m-" K such as aluminum nitride, 
the cubic form of boron nitride and synthetic dia- 
monds. Less preferred but useful in the present 
invention are those materials having thermal con- 
ductivity of at least about 20 watts/m- * K such as 
alumina, hexagonal form of boron nitride and the 
like. Other conventional fillers which are useful in 
the present invention include zinc oxide, ferric ox- 
ide, berylia, magnesia, magnesium oxide and the 
like. Materials having a ^thermal conductivity of at 
least about 10 watts/m-* K are useful in the com- 
positions of the present invention. 

The particulate fillers useful in the present in- 
vention may be electrically insulative, such as most 
of the above examples or may be electrically con- 
ductive, such as metal or graphite, in the par- 
ticulate forms described above. And the particulate 
fillers described herein can be used in various 
mixtures to provide the desired properties accord- 
ing to the teachings of the present invention. 

The particulate filler can constitute more than 
5% and up to about 70% by weight of the gel-filler 
composition, preferably about 10% to about 60% 
by weight of the composition, and most preferably 
about 20% to about 50% by weight of the gel-filler 
composition. It should be noted that when the 
particulate, fillers described above are combined 
with the gel materials described above and having 
particulate cone penetration and ultimate elongation 
values the presence of the particulate filler material 
in the gel will typically lower the cone penetration 
and ultimate elongation values for that particular 
gel. However, it is important to note that the gel- 
filler composition should remain within the general 
gel properties set forth above, i.e., have a cone 
penetration value of at least about 50 (10~ 1 mm) 
and an ultimate elongation of at least about 50% in 
order to provide the desired conformability to the 
various surfaces and substrates on which the com- 
position of this invention may be used. It has 
surprisingly been found that the gel materials de- 
scribed above can be loaded with such high pro- 
portions of particulate filler and still maintain the gel 
properties in terms of the cone penetration and 
ultimate elongation values specified above. It had 
previously been found that when certain additives, 
such as carbon black per se, were used at rela- 
tively low levels, such as 5% by weight, were 
added to the gel the resultant material would not 
have the desired cone penetration and/or ultimate 


elongation properties. 

The gel-particulate filler compositions of this 
invention may be used per se or may he used in 
combination with a carrier strip or matrix to support 
5 the composition, particularly when the composition 
of this invention has a low tensile strength and high 
surface tack and is therefore difficult to handle. The 
support materials may be any matrix material such 
as an open cell flexible foam material, a woven or 
70 nonwoven fabric, and the like. In order to use a 
support structure for the composition of this inven- 
tion, it is necessary that such structure or material 
be capable of being impregnated with the liquid 
gel-filler composition before the composition is 
75 cured and that the support material be sufficiently 
flexible so as not to interfere with the conformabil- 
ity of the compositions of this invention when they 
are used on a desired surface or substrate. 

The support matrix material can also be se- 
20 lected to have a high thermal conductivity and 
thereby not interfere with or detract from the desir- 
able thermal conductivity properties of the com- 
positions of the present invention. Any support 
matrix material physically compatible with the gel- 
25 filler composition and with the conformability re- 
quirements dictated by the intended use. However, 
using a low thermal conductivity material will lower 
the performance while a high thermal conductivity 
material will enhance overall performance. For ex- 
30 ample a woven fabric of graphite fibers would pro- 
vide enhanced thermal conductivity in the present 
invention. When a support matrix such as a fabric 
is used, it is preferred • that the support matrix 
material have a minimum thermal conductivity of at 
35 least 2 watts/m- * K, more preferably greater than 
about 10 watts/m-* K, most preferably greater than 
about 20 watts/m-* K, and particularly preferred 
greater than about 5 0 watts/m- * K. 

The "TO-3 thermal impedance" referred to in 
40 the present specification means the thermal imped- 
ance of * C-in 2 /watt using a standard test fixture for 
a TO-3 Motorola 2N3055 for determining thermal 
impedance in accordance with the procedures de- 
scribed in "Thermal Performance of Heat Transfer 
45 Materials Under Actual Operating Conditions" by 
Miksa de Sorgo and Thomas Ouellette (1985 
SATECH Conference, Chicago, IL). Since thermal 
impedance is sensitive to the pressure at which the 
conductive material is mounted on the test surface, 
so thermal impedance values are given at specified 
mounting pressures ranging from 2ero to about 700 
psi or greater. Prior art thermally conductive 
elastomeric materials are typically characterized in 
terms of thermal impedance at a mounting pres- 
55 sure between about 300 psi and about 500 psi. 
This has been necessary because the hardness of 
the prior art elastomeric materials which require 
high compressive mounting forces to obtain good 
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surface contact and conformability between the 
thermally conductive material and the substrate 
test surface. While the compositions of the present 
invention are equally useful at high mounting pres- 
sures such as 500 psi and above, where they 
provide lower thermal impedance than prior art 
materials, the compositions and materials of the 
present invention are also particularly useful at low 
mounting pressures and exhibit low thermal imped- 
ance at even zero mounting pressure. This capabil- 
ity of the compositions and materials of the present 
invention make them particularly useful not only in 
conventional applications but also in thermal con- 
tact with delicate electronic components which can- 
not physically withstand the forces involved in high- 
er mounting pressures. The thermal impedance 
values are obtained by testing a sample material 
which has a thickness of about 0.005 inches to 
about 0.015 inches. For example, the test data in 
this application was obtained using test samples 
which were 0.010 inches to 0.015 inches in thick- 
ness; however, it should be noted that since the 
compositions and materials of the present invention 
have much lower overall thermal impedance than 
prior art materials, the materials of the present 
invention can be used in thicker layers for better 
conformability to the substrate and for better exclu- 
sion of air from the space where the heat is to be 
transferred from, thus resulting in more efficient 
heat transfer even with thicker layers of the ther- 
mally conductive materials of the present invention 
than with thin layers of prior art materials. 

The cone penetration values referred to for the 
gel materials of the present invention are measured 
as specified in ASTM D217. It has also been found 
useful to measure the hardness and other prop- 
erties of the gels useful in the present invention 
and the compositions of the present invention using 
a Voland/Stevens Texture Analyzer Model LFRA 
equipped with a one-fourth inch diameter (i ") 
stainless steel ball probe. For measuring the hard- 
ness of the gel materials of the present invention a 
20 ml glass scintillating vile containing 10 grams of 
gel is placed in the Voland/Stevens Texture Ana- 
lyzer and the one-fourth inch stainless ball probe is 
forced into the gel at a speed of 0.2 mm per 
second to a penetration distance of 4.0 mm. The 
hardness value of the gel is the force in grams 
required to force the ball probe at that speed to 
penetrate or deform the surface of the gel the 
specified 4.0 mm. This value is referred to as the 
"Voland Hardness in Grams". The Voland hardness 
is directly correlated to the ASTM D217 cone pen- 
etration hardness and this correlation is shown in 
Figure 3 for gel materials of the type useful in the 
present invention. While this correlation is repre- 
sented as a distinct line, it will be recognized by 
those skilled in the art that the correlation is ac- 


curate within the measurement accuracy of and 
reproducibility of the measurements of both the 
Voland hardness and the cone penetration. (The 
Voland/Stevens Texture Analyzer is available from 

5 Voland Corp., Hawthorne, NY 10532-1002.) 

Examples of compositions according to the in- 
vention were prepared, by way of example, and 
compared against prior art materials. The results 
are shown graphically in the Figures wherein: 

70 Figure 1 shows the comparative thermal im- 

pedance at various mounting pressures of a prior 
art conductive elastomer and a conductive gel of 
the present invention. 

Figure 2 shows the comparative thermal im- 

75 pedance at various mounting pressures of an 
elastomer and gel materials having varying hard- 
nesses. 

20 Example 1 

A sample was prepared by mixing a commer- 
cially available two part addition cure polydimethyl- 
siloxane gel which has a starting viscosity of 600 

25 CPS before gelation (and a cone penetration of 260 
(10- 1 mm) when gelled). Part A, which contains a 
vinyl terminated polydimethylsiloxane, and Part B, 
which contains a hydride functionalized poly- 
dimethylsiloxane were mixed together along with 

30 50% by weight (based on the total composition) of 
Dow Chemical's 5-10 micron aluminum nitride pow- 
der. These components were blended in a rotary 
mixer then poured into a .015 inch deep mold and 
cured at 150* C to form a sheet. The cured com- 

35 position had a Voland hardness of 39 grams (cone 
penetration of about 183 (lO-'mm)), an elongation 
of about 300% and a tensile strength of about 7.0 
psi. The TO-3 thermal impedance was measured 
for this material and the results set forth in Figure 1 

40 along with the TO-3 thermal impedance of a prior 
art material which is a fiberglass fabric reinforced 
boron nitride filled silicone elastomer available 
commercially as Cho-Therm 1678 (trademark) 
available from Chomerics, Inc., Grace Co., Hudson, 

45 NH 03051 and is described in Chomerics Product 
Bulletin No. 44 (1985) as having a Shore A hard- 
ness of 90, an elongation of 10% and tensile 
strength of 1000 psi. 

50 

Example 2 

Example 1 was repeated preparing four sam- 
ples but varying the ratio of vinyldimethyl (Part A) 
55 and hydride curing agent (Part B) to provide gel 
samples containing aluminum nitride having a Vo- 
land hardness of 29 grams, 39 grams, 121 grams, 
and about 220 grams. The TO-3 thermal imped- 
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ance of these four samples is shown in Figure 2 
along with a prior art silicone rubber (Dow 182 
having a Shore A hardness when cured per se of 
about 50 to 60) filled with 50% by weight aluminum 
nitride resulting in a composition having Shore A 5 
hardness when cured of about 70 to 80. The gel 
material having the Voland hardness of about 220 
grams had a relatively high thermal impedance at 
zero mounting pressure but exhibited low thermal 
impedance upon an increase in mounting pressure. 70 


(a) placing on a first substrate from which or 
to which heat is to be conducted an article accord- 
ing to any of claims 6-8; 

(b) applying to the exposed surface of said 
article a second substrate from which or to which 
heat is to be transferred; and 

(c) applying a desired pressure to the article 
between the two substrates to obtain the desired 
heat transfer. 


Claims 

1. A cured composition comprising: 75 

(a) a gel material having a cone penetration 
value of about 50 to about 350 (10 1 mm) and an 
ultimate elongation of at least about 50%; and 

(b) dispersed in said gel material a par- 
ticulate filler having a thermal conductivity of at 20 
least about watts/m- * K; wherein the filler is present 

in an amount between 5% and about 70% by 
weight of the composition. 

2. A composition according to claim 1 wherein- 

the particulate filler is present in an amount up to 25 
about 60% by weight, preferably in an amount up 
to about 50% by weight. 

3. A composition according to claim 1 or 2 
wherein the filler is a metal nitride, or an aluminium 
nitride. 30 

4. A composition according to any preceding 
claim having a composite heat transfer coefficient 
greater than 2 watts/m * K. 

5. A composition according to any preceding 
claims having a T-03 thermal impedance of less 35 
than 1 -1 * C-in 2 /watt at a mounting pressure of 300 

psi. 

6. An article comprising a flexible matrix im- 
pregnated with a cured composition according to 

any preceding claim. 40 

7. An article according to claim 6 wherein the 
matrix material comprises a fibrous material. 

8. An article according to claim 7 wherein the 
fibrous material is woven or non-woven. 

9. A method of aiding in heat transfer in elec- 45 
trical and other devices comprising: 

(a) placing on a first substrate from which or 
to which heat is to be conducted a layer of a cured 
composition according to any of claims 1 - 5; 

(b) applying to the exposed surface of said 50 
composition a second substrate from which or to 
which heat is to be transferred; and 

(c) applying a desired pressure to the com- 
position between the two substrates to obtain the 
desired heat transfer. 55 

10. A method of aiding in heat transfer in 
electrical and other devices comprising: 
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TO -3 THERMAL IMPEDANCE (CIN2/W) VS. 
MOUNTING PRESSURE (PSI) FOR INTERFACE MATERIAL 


♦ - ELASTOMER, SHORE A HARDNESS = 90 
O - GEL, VOLAND HARDNESS = 39 GRAMS 
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TO-3 THERMAL IMPEDANCE (CIN2/W) VS. 
MOUNTING PRESSURE (PSI) FOR ALUMINUM NITRIDE 
INTERFACE MATERIAL OF VARYING HARDNESSES 


■ - RUBBER, SHORE A HARDNESS = 75*5 
O- GEL, VOLAND HARDNESS * 220 GRAMS 
♦ - GEL, VOLAND HARDNESS = I2I GRAMS 
□ - GEL, VOLAND HARDNESS = 39 GRAMS 
A - GEL, VOLAND HARDNESS = 29 GRAMS 



I00 


200 300 400 500 
MOUNTING PRESSURE (PSI) 


600 


700 


FIG— .2 


BNSDOCID: <EP 0295881A2 I > 


EP 0 295 881 A2 


I000 

500 



FIG— 3 

RN^nrmirv <pp opowua? i > 


1 


Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 


0 Publication number: 


0 295 881 

A3 


EUROPEAN PATENT APPLICATION 


© Application number: 88305443.9 
© Date of filing: 15.06.88 


© int. OA C08K 3/00, C08K 3/28, 
C08L 83/04 


© Priority: 16.06-87 US 63552 

© Date of publication of application: 
21.12.88 Bulletin 88/51 

© Designated Contracting States: 

AT BE CH DE ES FR GB IT LI NL SE 

© Date of deferred publication of the search report: 
31.10.90 Bulletin 90/44 


© Applicant: RAYCHEM CORPORATION (a 
California corporation) 
300 Constitution Drive 
Menlo Park California 94025(US) 


© 


Inventor: Dittmer, Catherine A. 
578 El Granada Boulevard 
Half Moon Bay, CA 9401 9(US) 
Inventor: Dubrow, Robert S. 
334 Roble Avenue 
Redwood City, CA 94061 (US) 


© Representative: Auckland, Jacqueline et al 
Raychem Limited Intellectual Property Law 
Department Faraday Road Dorcan 
Swindon, Wiltshire SN3 5HH(GB) 


© Thermally conductive gel materials. 


© This invention provides new heat transfer materi- 
als comprising gels and particulate fillers and having 
a composite heat transfer coefficient greater than 2 
watts/m-* K and preferably greater than 15. The ma- 
terials are easily conformable to irregularly shaped 
surfaces and have low TO-3 thermal impedance 
values, e.g., less than 0.5 at 300 psi mounting pres- 
sure. 


CO 
< 

CO 
CO 

LO 
G) 
CM 


LU 


Xerox Copy Centre 


RNsnnr.ir* <fp npftseaiA3 i > 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 


EP 88 30 5443 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION Ont. CU ) 


EP-A-0203738 (RAYCHEM CORPORATION) 

* page 8, lines 4-9; claims 4, 7 * 

CHEMICAL ABSTRACTS , vol. 97, no. 22, 29 November 
1982 

Columbus, Ohio, USA 

page 72; ref „ no. 183785 

& JP-A-82100148 (DENKI KAGAKU KOGYO KK) 

22-06-1982 

* abstract * 

EP-A-0183056 (SWS SILICONES CORPORATION) 

* claims * 


1-10 


1-10 


C08K3/00 
C08K3/28 
C08L83/04 


1-10 


TECHNICAL FIELDS 
SEARCHED Gnt. CI.4 ) 


The present search report has been drawn up for all claims 


C08K 
C08L 


Place of search 

Date of completion of the search 

Examiner 

THE HAGUE 

05 SEPTEMBER 1990 

HOFFMANN K.W. 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 


T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D t document cited in the application 
L : document cited for other reasons 


& : member of the same patent family, corresponding 
document 


